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Little information is available regarding the surgical
mortality of children with congenital heart disease who
undergo operation on the basis of clinical assessment and
echocardiographic diagnosis without cardiac catheter-
ization. If catheterization affects early surgical mortality
then perhaps omitting it would improve survival. Early
operative mortality of 100 patients managed with echo-
cardiography without preoperative catheterization (Group
I) was compared with that of 151 diagnosis-matched
control patients who had catheterization (Group II). The
catheterization (Group II) and echocardiographic (Group
I) groups included patients with the following diagnoses:
atrial septal defect (33 and 17 in Group II and Group
I, respectively); pulmonary stenosis/pulmonary atresia
(33 and 15), aortic stenosis (14 and 3), coarctation of
aorta (36 and 29), patent ductus arteriosus (10 and 15)
and miscellaneous (25 and 21). Age range was 1 day to
16 years (mean 3.5); 114 (45%) of the 251 patients were
< 1 year of age and 59 (29%) were < 1 month of age.
With one exception, echocardiographic diagnosis was
Since the application of cardiovascular surgical techniques
to the treatment of congenital heart disease, some patients
have had surgical palliation or repair without angiography,
Such decisions were predicated on the relative risks of an-
giography in the moribund neonate and on the low proba-
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correct when compared with findings at surgery or au-
topsy, or both. Surgical mortality was 18% in Group I
and 9% in Group II; however, multiple logistic regres-
sion analysis adjusting for differences in age and pre-
operative condition showed no significant difference be-
tween the two groups with a trend toward lower mortality
in Group 1 (p = 0.075).
Echocardiography as the definitive imaging modality
in selected patients with congenital heart disease is ac-
curate and is comparable with conventional methods of
preoperative diagnosis. The surgical mortality of pa-
tients with such defects is not affected significantly by
the method of diagnosis but individual patients may be
in much better condition without angiography. The crit-
ically ill neonate and the older child with a congenital
heart defect can be managed without catheterization
provided the requisite skills in ultrasound imaging and
the diagnostic experience are available.
(J Am Coll CardioI1987;9:82J-9)
bility of improvement in diagnosis in the older patient with
an easily recognizable anomaly such as atrial septal defect.
Since the introduction of noninvasive ultrasound imaging
for the diagnosis of congenital heart disease, reports have
appeared of high sensitivity and specificity of diagnosis of
intracardiac anomalies such as ventricular septal defect (I),
atrial septal defect (2), atrioventricular valve abnormalities
(3) and semilunar valve defects (4) With the advent of high
resolution imaging systems, extracardiac anomalies, in-
cluding defects of the aorta (5), systemic veins (6) and
pulmonary veins (7), have been diagnosed accurately. In-
formation has been reported on the utilization of such tech-
niques in the management of patients by surgery without
angiography including experience in valvular abnormalities
in adults (8,9) and multiple types of congenital defects in
children (10). However, there is no information available
regarding the impact on surgical outcome of omitting an-
giography from the usual preoperative evaluation of a child
with congenital heart disease.
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Therefore. we compared the surgical outcome of 100
infants and children treated surgically without angiography
with that of 151 who had angiography followed by surgery.
We attempted to answer the following questions: I) Does
the use of echocardiography as the definitive diagnostic
imaging tool affect the surgical outcome of children with
congenital heart disease? 2) How should the risk and cost
benefits of surgery without angiography be integrated into
currently existing treatment strategies for congenital heart
disease?
Method
Study patients. Between July 1982 and June 1985. 100
patients had cardiovascular surgery for a congenital heart
defect without prior angiography (Group I). Patients having
surgery without cardiac catheterization. such as for conduit
replacement. were excluded if any previous catheterization
had been done. During the same time period. a randomly
selected cohort of 15I children (Group II). matched only
for diagnostic group (see later). had surgery after angio-
graphic diagnosis. In both groups the clinical diagnosis was
made by a combination of physical examination, chest X-
ray film. ECG and two-dimensional/Doppler echocardiog-
raphy. Group I and Group II patients were randomly inter-
spersed on the basis of the usual treatment strategies of any
one of the 12 possible consulting pediatric cardiologists.
and the usualc onsiderations regarding the risk/benefit ratio
of cardiac angiography were evaluated by the physician in
charge of the patient. For this discussion. corrective surgery
was defined as that requiring an open heart procedure and
cardiopulmonary bypass. Each patient was managed as an
individual without prospective randomization or a fixed
treatment protocol for each diagnosis. The decision to pro-
ceed with surgery without angiography was madeonly after
close communication among parents, consulting cardiolo-
gists and cardiovascular surgeon.
Echocardiography. Echocardiographic evaluation in-
cluded a complete segmental analysis of anatomy in both
groups. using previously described methodology (II ). Im-
aging equipment (3. 5 or 7.5 MHz) from Advanced Tech-
nology Laboratories was utilized. combining scans from
parasternal, subcostal . apical and suprasternal approaches
in a systematic manner. Image-directed pulsed Doppler (3
or 5 MHz)and nonimage-directed continuous wave Doppler
(2 MHz) recordings were used in each patient. Accuracy of
echocardiography regarding surgically significant details of
anatomy was assessed by comparing preoperative echocar-
diographic diagnosis with that at surgery or autopsy in all.
Diagnostic subgroups (Table 1). Sixdiagnostic subgroups
were identified and compared to further categorize the 251
study patients including 50 older children with atrial septal
defect, 48 infants with severe pulmonary stenosis, tetralogy
of Fallot or pulmonary atresia, 17 with valvular aortic ste-
nosis, 65 with coarctation of the aorta or interrupted aortic
arch, 25 with patent ductus arteriosus, and 46 with other
miscellaneous congenital defects including hypoplastic left
heart, truncus arteriosus, ventricular septal defect (correc-
tive and palliative surgery, one each), total anomalous pul-
monary venous connection. tumor. double outlet right ven-
tricle (pulmonary artery banding). double aortic arch,
constrictive pericarditis and aortic insufficiency/subacute
bacterial endocarditis (valve replacement). The deaths in
each group are summarized in Table 2.
Risk factors (Table 1). Possible risk factors for oper-
ative mortality were studied. including age at operation ,
sex. method of diagnosis (Group I-[echocardiography] ver-
sus Group II-[catheterization]), diagnostic subgroup, pre-
Table I. Summary of the 251 Patients Undergoing Operation for Congenital Heart Disease
ASD PS/PA AS COA PDA Mise
Echo Cat h Echo Cath Echo Cath Echo Cath Echo Cath Echo Carh
No. of patients 17 33 15 33 3 14 29 36 15 10 2 1 25
Sex (M/F) 6/ 11 13/20 7/8 18/ 15 1/2 11/3 2 1/8 22114 3/ 12 2/8 19/2 14/11
Mean age at surgery 79 .2 85 . 1 0 .56 43.1 0 .59 74.4 33.4 44.0 23 .5 40 .6 20 . 1 14.6
(rnos.)
Percent survival 100 100 87 97 67 86 83 86 100 100 52 76
Mean Icngth of stay 9 .8 10.5 30 .3 19.9 2 1.0 11.7 11.6 11.3 12.2 9.8 30 .7 19 .2
(days)"
pH 7.41 7.39 7.39 7.35 7.40 7.47 7.54 7.52 7.37 7.41
O2 SAT 64.3 70.4 89 94 .8 90 .5 93. 5 95 95 83 87
PGE 0 0 II 4 2 0 6 I 0 0 10 2
Ventilato r 0 0 3 3 1 1 5 I 1 0 6 5
Open heart ope ration 17 33 0 0 3 14 0 0 0 0 14 22
*Length of stay does not include previous admissions for diagnostic catheterizat ion. AS = aortic stenosi s; ASD = atrial septal defect ; Cath = Group
II (operation with catheterization); COA = coarctation of aorta; Echo = Gro up I (operation without catheterization); M/F = male/female; Mise =
miscellaneous defects; O2 SAT = oxygen saturation; PDA = patent ductus arterios us; PGE = prostaglandin; PSIPA = pulmonary stenosis/pulmonary
atres ia.
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Table 2. Causes of Death in the Echocardiography and Catheterization Groups
825
Age at
Death Diagnosis Cause of Hospital Death-Comments
Group I: Echocardiography
23 Days
I I Days
38 Days
24 Days
3 Days
7 Days
3 Days
7 Days
4 Days
4 Days
13 Days
37 Days
4 Days
17 Days
2 Days
6 Days
7 Days
I Day
Pulmonary atresia, AY canal
COA
COA, DILY, restrictive YSD,
small RV
Pulmonary atresia. CIRV,
TAPYR, RA isomerism
HPLH, AA
HPLH, AA
HPLH. AA
HPLH, AA
HPLH,AA
HPLH. AA
HPLH.AA
HPLH. AA
AS
IAA, AP window
IAA
IAA. VSD. subvalve AS
LY tumor
TAPYR
Respiratory arrest associated with meningomyelocele
Low output failure after surgery
Returned to surgery after banding and COA repair
and died intraoperatively
Death after third operation for TAPVR correction 22
days after initial shunt procedure
Low output. hypotension after initial operation
Low output, hypotension. and secondary renal
failure
Bleeding complications and low output after
operation
Low output. hypotension
Low output. hypotension
Low output, hypotension
Postoperative cardiac arrest
Failed to wean from cardiopulmonary bypass
LY failure with low output. hypotension
Intraoperative death
Low output, hypotension
Missed right aortic arch with Di George syndrome
and repair could not be done through a left
thoracotomy; reoperated for complete repair
without catheterization and died because of low
output and hypotension
LV failure
Low output
Group II: Cardiac Catheterization
31 Days
32 Days
4 Mos
14 Days
27 Days
3 Mos
5 Days
2 Days
68 Days
8 Mos
6 Days
40 Days
25 Days
8 Days
COA, ASD. DlLV
Pulmonary atresia. small RY
Truncus arteriosus
Truncus arteriosus. IAA
TAPYR. ASD. PDA
HPLH. subvalve AS. AY
canal
HPLH. AA
HPLH. AA. mitral atresia
HPLH. AA
AS
TAPVR
TAPYR
IAA. VSD
lAA. VSD
Death 30 days postoperatively with sepsis/DIC
Death at 31 days during second operation for shunt
revision
Death due to coagulopathy and blood loss
Cardiac arrest with postoperative hypotension
Death due to postoperative pulmonary hypertension
Failed to wean from cardiopulmonary bypass
Failed to wean from cardiopulmonary bypass
Postoperative hypotension and low output
Death after low output failure
Postoperative cardiac arrest and failure
Postoperative low output and hypotension
Postoperative low output and hypotension
Death after return to surgery for inadequate banding
Returned to surgery for anastomosis revision. poor
cardiac output
AA = aortic arch; AP = aortopulrnonary: AS = aortic stenosis: ASD = atrial septal defect; AV =
atrioventricular; DlC = disseminated intravascular coagulation: DlLV = double inlet left ventricle: CIRV =
common inlet right ventricle; HPLH = hypoplastic left heart: IAA = interrupted aortic arch: LV = left
ventricle; PDA = patent ductus arteriosus: RA = right atrial: RV = right ventricle;TAPYR = total anomalous
pulmonary venous return; YSD = ventricular septal defect.
operative pH, preoperative oxygen saturation (%), preop-
erative assisted ventilation (yes/no) and preoperative infusion
of prostaglandin (yes/no). The length of hospital stay for
survivors was tabulated in an attempt to identify morbidity
not described by mortality figures.
Statistical procedures. A sample size of 151 patients
for the cohort group (Group Il) was selected by assuming
a normal mortality rate of 20% among our high risk neonatal
population, including patients with hypoplastic left heart
syndrome, and defining an improvement in mortality as a
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reduction to 10% in either group (assuming an alpha of 0.05
and a beta of 0.15 and using two-tailed probability values).
Operative survival was defined as survival for 30 days af-
ter the first palliative or corrective cardiovascular operation.
For univariate analyses discrete variables were analyzed
with the chi-square test and continuous variables with anal-
ysis of variance. The risk of mortality (survival prediction)
was analyzed using multiple logistic regression (12) to de-
termine the association of each variable with survival while
taking each of the others into consideration. The variables
included in this analysis were chosen on the basis of results
of univariate and stepwise logistic regression data. The vari-
able "method" of diagnosis (Group I versus II) was in-
cluded in this analysis because of a special interest in the
effect that consideration of covariates had on the apparent
effect of echocardiography versus catheterization group
membership.
Results
Clinical features of the two groups. Echocardiography
was accurate in diagnosis compared with surgical findings
or autopsy in all but one patient, a neonate with interrupted
aortic arch, Di George syndrome and a right descending
aorta (Table 2). Retrospectively, the 5 MHz images were
not adequate for diagnosis. The operative mortality for the
entire group of 251 patients was 13% (18% for Group 1-
[echocardiography] and 9% for Group II-[catheterization]).
Group I, managed with echocardiography but without cath-
eterization, was younger (31 versus 51 months of age at
operation), had a lower preoperative oxygen saturation (79
versus 88%) and more often required prostaglandin as a
palliative measure before surgery (29 versus 5%) but not
preoperative ventilation (16 versus 6%) (Table 3). A similar
proportion in each group had an open heart operation (34
versus 46%). There was no significant difference in pre-
Table 3. Comparison of Clinical Features of the Patients in
Group I and Group II
Group I Group II
(Echo) (Cath) p Value
No. of patients 100 151
Survival (%) 82 91 0.01
Mean age at surgery 31 50.5 <0.01
(mo.)
Preoperative oxygen 78.7 87.7 0.002
saturation (%)
No. on assisted 16 (I6~k) 9(6%) NS
ventilation
pH (mean preoperative) 7.40 7.40 NS
No. receiving 29 (29%) 7(5%) <0.01
prostaglandin E I
Cath = cardiac catheterization; Echo = echocardiography: NS = not
significant at p <; 0.05; other abbreviations as in Table I.
operative pH. Examination of the diagnostic subgroups sug-
gested that the age difference in the two study groups could
be explained by the fact that critically ill neonates were
managed more often without catheterization when there was
obstruction to pulmonary blood flow, critical aortic stenosis
or aortic obstruction such as coarctation of the aorta or
interrupted aortic arch.
Mortality analysis-univariate. Univariate analysis
of the association of the studied clinical variables with
surgical survival by first considering each variable individ-
ually without regard to any of the others showed that di-
agnosis group, age, sex and preoperative use of prosta-
glandin £1 were significantly associated with outcome.
Younger age was associated with mortality (mean 0.8 month
versus 49 months in survivors, p < 0.01). Survival was
improved for female compared with male patients (97 versus
80%, P < 0.0 I) and this appeared to relate to the large
number of male patients with aortic atresia and other neo-
natal aortic obstruction. Preoperative assisted ventilation
was associated with worse survival (58 versus 91%, P <
0.0 I) as was the use of prostaglandin E 1 preoperatively (53
versus 93%, p < D.O\). Diagnosis was divided into six
categories and univariate analysis of this variable showed
significant differences; however, it was more difficult to
interpret because the individual odds ratios were arbitrarily
calculated relative to the miscellaneous group. By inspec-
tion, the groups containing neonates with aortic obstruction
had a higher mortality.
Mortality analysis-multivariate (Tables 4 and 5). An
alternative to considering each variable in isolation was
multiple logistic regression analysis to analyze them si-
multaneously so that the association of each one with sur-
vival was determined while taking each of the others into
consideration (Table 4). Correcting the apparently higher
mortality in the echocardiography group for their younger
age only, showed a probability (p) value of 0.075 with a
survival for this group of 88% versus 82% for the cathe-
terization group (Fig. I). Reversal of the odds ratio for the
echocardiography/catheterization variable compared with the
univariate analysis suggested that being in the echocardi-
ography group may have been associated with a survival
rate better than that of the catheterization group. Use of
prostaglandin E1 (odds ratio = 5.64) and female sex (ratio
= 6.82) were also associated with improved survival in this
analysis.
Sequential covariate adjustment and its effect on survival
for the echocardiographytcatheterization variable showed
that, after adjustment for prostaglandin E, treatment, the
echocardiography/catheterization coefficient became non-
significant (p > 0.75) and the odds ratio reversed (Table
5). This trend continued as sex, age and diagnosis were
added, suggesting that the odds for survival were in favor
of the echocardiography group (approximately 2.5 times that
of the catheterization group). There were no significant dif-
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Table 4. Multiple Logistic Regression Analysis of Variables Associated With Survival
Variable SE of p Odds
Variable Coefficient Coefficient Coefficient/SE Value Ratio
Cath versus Echo 0.978 0.636 1 54 > 0. 12 2.66
PGE 1.730 0.764 2.26 < 0.03 5.64
Sex 192 0.710 2.70 < 0.0 1 6.82
Age - 0.39 0.194 - 2.03 < 0.05
Dx < 0.04 - 1
*Meaning of the odds ratio is not clear for a continuous variable such as age. t 'There is no individual
coefficient for diagnostic group because there are six categories. The significance relative to survival is judged
by chi-square analysis whereas coefticient/SE is a normal statistic for the other variables. Dx = diagnosis
group; other abbreviations as in Table I.
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ferences in length of hospital stay between the two groups
after correction for the factors affecting mortality risk. Omit-
ting the neonates with aortic atresia did not alter the results
of mortality analysis.
Discussion
Why omit catheterization? Surgery without angiogra-
phy is timely for several reasons. I) More than 25 years of
experience has been accumulated in the surgical treatment
of congenital heart disease and, in 1986, virtually every
type of defect can be palliated or corrected with acceptable
mortality. 2) Along with decreasing surgical mortality have
come improved knowledge of the combinations of congen-
ital heart lesions that may occur and an approach to anatomy
that is segmental and exhaustive regarding surgically im-
portant details. 3) Preoperative condition, a well docu-
mented factor in surgical mortality in some lesions affecting
the neonate such as critical aortic stenosis and interrupted
aortic arch (13), may depend on whether or not catheter-
ization is performed. 4) The current state of funding for the
diagnosis and treatment of congenital heart disease makes
the use of any accurate noninvasive techniques for diagnosis
appear very attractive. However, surgery without angiog-
raphy is not an entirely new development in pediatric car-
diology. What is new is the improvement in noninvasive
methodology and diagnosis which, taken in combination
with well established clinical criteria, can be extremely pre-
cise in preoperativeevaluation. A bias of this study was our
belief that omitting catheterization when the infant or neo-
nate was extremely ill might have been beneficial and there-
fore the group managed without angiography was younger,
sicker and had a higher mortality. Despite this there was a
strong positive trend toward a better result in Group I (echo-
cardiography) after correction for condition at age (Fig. I).
Factors in accurate noninvasive diagnosis. The test of
any new method of diagnosis or treatment is " Does it work?"
The basis for this study was laid by a step by step exami-
nation of the limitations and strengths of echocardiography
in the diagnosis of various types of congenital heart disease
in our laboratory in a large number of infants and children.
Experience with nearly every type of defect is, therefore, a
prerequisite to incorporating this approach into any given
medical environment. We noted that 7.5 MHz equipment
was mandatory for accurate diagnosis in neonates, partic-
ularly for the diagnosis of defects of the aortic arch and the
pulmonary venous connection, and the use of 5.0 MHz
equipment contributed to our single diagnostic error. No
part of the segmental examination or the Doppler hemo-
dynamic assessment could be viewed as unnecessary or
unimportant. [I' one aspect of the examination was impos-
sible for whatever reason, such as inability to see all four
Table 5. Sequ en tial Covariate Adj ustment on Difference in Surv iva l Between Echocardiography
and Catheterizat ion Gro ups
Covariate Group SE of p Odds Ratio for
Adjusted for Coefficient' Coefficient Coefticient/SE Value Echo/Catht
None - 0.765 0.383 - 2.00 < 0.05 0.47
PGE 0. 146 0,479 0.305 > 0.75 1.16
Sex 0. 330 0.522 0.633 > 0.50 1.39
Age 0.878 0.58 1 1.5\ '?O.13 2.4 1
Dx 0.978 0.636 1.54 > 0.12 2.66
' Each row represents an analysis of the group (catheterization versus cchocardiography) difference with
respect to survival while adjusting sequentially for the covariatcs listed. t Odds ratio equals the survival odds
associated with the echocardiography group divided by that of the catheterization group. in which odds within
a group is the ratio of proportion surviving to proportion dying. Dx = diagnosis: PGE = prostaglandin E,.
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Figure I. Illustration of theapproximate effect of age adjustment
on operative survival for the echocardiography (Echo) and cath-
eterization (Cath) groups. The mean age of theechocardiography
group (31months) was less than themeanageof the catheterization
group (51 months) and this unadjusted difference showed a sta-
tistically significant superiority of catheterization overechocardi-
ography. After correction for the younger age of the echocardi-
ography group. the adjusted difference showed a reversed trend
and reversed odds ratio , although it did not reach statistical sig-
nificance .
pulmonary veins connecting normally, then the consultant
physician weighed the relative risks of proceeding without
catheterization in the face of such an unknown. In this
situation we favor aggressive and complete angiography,
although others have advocated an alternative policy (14).
Good communication between the echocardiographer and
the physician in charge of the patient was a prerequisite for
surgery without catheterization. Our previous experiences
in a prospective study of diagnostic accuracy (II) indicated
that the most frequent errors are those of interpretation;
therefore, we recommendcareful review of video recordings
of the examination with the surgeon as an integral part of
the preoperative process. A complete Doppler examination
may require sedation of the infant or child. which should
be done without hesitation if the data have surgical signif-
icance. With these cautions we have moved slowly so that
only 6% of the total number of operations in the period of
this study were performed without catheterization.
Congenital defects in older children. In the asymp-
tomatic child with atrial septal defect or coarctation of the
aorta, we have, in the past, routinely utilized angiography
in evaluation, so this experience represents a significant
departure from our previous practice. Whether to utilize any
imaging test in the evaluation of these two lesions in the
older child will remain controversial and other techniques
such as nuclear magnetic resonance imaging may be useful.
The potential cost savings of surgery after echocardiography
without catheterization were estimated for asymptomatic
patients with atrial septal defect by comparing 20 patients
who had catheterization with 15 who did not; there was an
average savings of S2,000 per patient in the echocardiog-
raphy group.
Congenital defects in neonates. This early experience
suggests that I) several categories of patients with congenital
heart disease l!lay be managed without catheterization, and
2) the patient w~o appears to benefit most from the intro-
duction of echocardiographic techniques, in terms of op-
erative outcome, isthe critically ill neonate with severe
ventricular outflow tr~~t obstruction. These are the same
patients whose management has been dramatically changed
by the introduction of prostaglandin into clinical practice to
maintain blood flow to the pulmonary or systemic circula-
tion. The widespread trend in this country to depend on
data other than catheterization in 'neonates is illustrated by
a recent survey of 136members of the subboard of pediatric
cardiology of the American Academy of Pediatrics (pre-
sented by Randall L. Caldwell, MD during a lecturefor the
Advanced Echocardiography Symposium sponsored jointly
by the American College of Cardiology, Indiana University
Medical Center and Krannert Institute of Cardiology, Sep-
tember 30 to October 2, 1985). Thirty-three percent of those
polled had already sent an infant with severe pulmonary
obstruction to surgery for a shunt without prior catheteriza-
tion. This was true for more than one-third of the respon-
dents for the case of a neonate with coarctation of the
aorta. In the present study, the statistical correction for other
variables including age at operation appeared to unmask a
potentially deleterious effect of catheterization and angi-
ography. This correction may be displayed graphically by
plotting the probability of operative survival versus age at
operation for both groups (Fig. I).
During this study there were three neonates who each
had a complex congenital cardiac lesion and who experi-
enced severe clinical deterioration during the invasive study
so that death or irreparable organ damage ensued soon after
the catheterization and no surgery was recommended. Fu-
ture prospective studies of diagnosis and surgical treatment
of congenital heart disease should include all infants to
approximate the potential benefit of omitting the risks of
contrast medium and catheter manipulation. Nonetheless.
the results of our study do not support the idea that cardiac
catheterization is a major factor in early surgical mortality.
Neonatal catheterization deferred but not omitted. In
some neonates, angiography is performed because balloon
atrial septostomy is needed as part of the management of
the defect , for example, pulmonary atresia with intact ven-
tricular septum and hypoplastic right ventricle. We instituted
a new approach in some of the neonates in the echocardi-
ography group who normally would have received balloon
atrial septostomy at the preoperative catheterization. In two
patients with pulmonary atresia and intact septum with a
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tiny right ventricle, initial surgical palliation was performed
before balloon atrial septostomy. Postoperative catheteriza-
tion was performed 3 to 30 days after the procedure. at
which time balloon atrial septostomy was done under con-
trolled conditionsand the results of the palliativeprocedure
wereevaluated. This practiceallowed the preoperative cath-
eterization to be omitted and aided planning for future cor-
rective surgery by early evaluation of the results of the
palliative surgery.
Conclusion. Accurate preoperative diagnosis of neo-
nates and children with congenital heart defects can be
achieved in experienced hands using newer high frequency
transducers and Doppler echocardiography. Initially, sur-
gical mortality may appear higher in a subgroupof younger
patientsmanaged withoutcatheterization, but correctionfor
the younger age shows the mortality to be similar to that of
the total group. Cardiac catheterization can be omitted in
patients selected for the quality of their noninvasive eval-
uation, and surgical mortality may be decreased in the
subgroup of patients who arc young and in poor condition
preoperatively.
We acknowledge the USDA/ARS Children' s Nutrition Research Center
for assistance with statistical analysis. Nancy Mitchell. MichelleDunn and
Debbie Brogan provided technical assistance.
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